ABSTRACT
INTRODUCTION
Crizotinib is a new targeted molecule [1, 2] . It has been shown to be effective in the treatment of ALK-positive locally advanced and metastatic non-small cell lung cancer (NSCLC) [3, 4] , more specifically in adenocarcinoma subtype [5] . Crizotinib was recently approved by the FDA as a standard treatment for ALK-positive locally advanced and metastatic NSCLC [6] .
The Crizotinib has been tested in patients with metastatic NSCLC, the tumor which has a genetic defect on chromosome 2, resulting in the fusion of two genes, ALK and EML4 (echinoderm microtubule-associated proteinlike 4) [7] [8] [9] . This DNA rearrangement leads to the production of ALK protein which enhances cancer cells proliferation. This protein is involved in the ontogenesis of 2% to 7% of lung adenocarcinomas [3, 4] . Crizotinib inhibits the activity of this protein by targeting the ALK part [5, 7] . This mechanism of action of Crizotinib explains largely the effectiveness of this new treatment in patients whose tumors express ALK. In patients with locally advanced and metastatic NSCLC expressing ALK, Phase I and II trials showed highly objective responses and acceptable tolerability with crizotinib [4, 5] . This opens the new era of personalized therapeutic treatment.
THE ALK SIGNALING PATHWAY
The ALK signaling pathway plays a major role in the cell proliferation, differentiation and cell survival. ALK protein is a part of the family of insulin receptor [10] . It is a receptor with known ligands; pleiotrophin and midkine. In the presence of its legend, the ALK sends a signal to cell proliferation and differentiation, and in the absence of legend, it sends a signal to cell death [11] .
Since 1994, this pathway is known to be involved in the development of anaplastic large cell lymphoma of the child [12] . Other translocations have been described in inflammatory myofibroblastic tumors. Another mechanism involving gene amplification of ALK is associated with subgroups of familial neuroblastoma [13] .
ALK PATHWAY IN NSCLC
Genetic defect on chromosome 2 led to the fusion of two genes, EML4 (echinoderm microtubule-associated protein-like 4) and ALK (anaplastic lymphoma kinase) giving rise to a fusion gene EML4-ALK [7] . These genes were described for the first time in 2007 by a Japanese team. This rearrangement inserted effective inversion part (variable length) of EML4 N-terminal domain within the ALK gene. This insertion is made at the exon 20 of the EML4 juxtaposing inserting the entire gene to the cytoplasmic area comprising the ALK tyrosine kinase function [8] . This rearrangement of DNA leads to the generation of a chimeric protein, ALK protein, EML4-ALK that has tyrosine kinase activity. This chimeric protein is characterized by constitutive activation of the ALK tyrosine kinase, resulting and in cell proliferation and resistance to apoptosis.
This protein is an oncogene involved in 2% -7% of lung cancers. It is seen especially in non-smokers or light smokers with adenocarcinoma form. Patients with EML4-ALK rearrangement are characterized by an excess of liver metastases, pleural and pericardial invasion and probably an excess of brain metastases [14] . Rearrangement of ALK gene can be detected by fluorescence in situ hybridization (FISH) and the transcripts by RT-PCR in molecular biology. The fusion transcript is expressed and its detection is possible by immunohistochemical methods.
KEY DATA PHARMACOGENETICS OF CRIZOTINIB
The Crizotinib is a selective inhibitor molecule receptor of tyrosine kinase (RTK) ALK and its oncogenic variants (ALK fusion gene and some mutations of ALK) [7] [8] [9] . It is also an inhibitor of the RTKs hepatocyte growth factor (HGFR or c-Met) [4, 9] .
The Crizotinib showed a concentration-dependent inhibition of the kinase activity of ALK and c-Met in biochemical assays, and inhibited the phosphorylation and the function dependent of kinases in cellular assays. It has also a potent and selective inhibition of the growth and induced apoptosis in tumor cell lines with ALK fusion variants (EML4-ALK or NPM-ALK) or with an ALK gene locus amplification or c-Met.
Hence its effectiveness as a treatment of ALK-positive advanced stage NSCLC [4, 6, 8, 9] .
PHARMACOKINETICS AND METABOLISM
Optimal dose of Crizotinib was 250 mg twice daily and the molecule is metabolized primarily in the liver. Following administration of a single dose of 250 mg of radiolabeled Crizotinib to healthy patient, 63% and 22% of the administered dose was recovered respectively in the feces and urine. The Crizotinib unchanged represented approximately 53% and 1.3% of the administered dose recovered in the feces and urine [6] .
CRIZOTINIB DEVELOPMENT IN THE TREATMENT OF ADVANCED NSCLC
The effectiveness of Crizotinib in the treatment of ALK-positive NSCLC has been proven by several Phase I, Phase II and one Phase III trials. Other Phases III trials are underway to confirm this benefit.
Phase I Trials
The Phase I study, PROFILE 1001 including 37 patients with various advanced stage tumors, including colorectal cancer (six patients), sarcoma (four patients) and NSCLC (three patients), refractory to standard treatments, aimed to assess the maximum tolerated dose [4] .
Given the important activity of crizotinib in 2 patients with NSCLC with ALK rearrangement, this Phase I study has been extended with a specific cohort. The extension of this Phase I trial was published in October 2010 in the New England Journal of Medicine [15] . After screening 1500 patients with NSCLC in search of ALK rearrangement by FISH, the investigators identify 82 (5, 5%) patients with advanced ALK positive NSCLC.
The ALK positive population was relatively young (median age 51 years) consisted of 35% asian, small or non-smokers (94%), mainly with adenocarcinoma (96%) patients who had received at least one prior chemotherapy regimen in 94% of cases.
At 6.4 months of treatment (median duration of treatment), 57% of patients had partial or complete response (partial response in 46 patients and one patient in complete response) and 33% had stabile disease.
The update of this Phase I study was recently published [16] . 143 patients were evaluable. 60.8% (95% CI 52.3 -68.9) had an objective response (87 of 143 patients), including three complete responses and 84 partial responses. The median duration of response was 49.1 weeks (95% CI 39.3 -75.4). This response is largely independent of sex, age, condition and the number of previous treatments. The median progression-free survival (PFS) was 9.7 months (95% CI 7.7-12.8). The median overall survival (OS) was not yet mature, but an estimate of survival at 6 months and 12 months was 87.9% (95% CI 81.3-92.3) and 74.8% (66.4 -81.5), respectively.
Phase II Trials
A non-comparative Phase II multicenter single-arm trial (PROFILE 1005) investigated the efficacy and safety of Crizotinib administered to patients with ALK-positive advanced NSCLC progressing after chemotherapy treatment [5] . Until June 2011, tolerance was evaluated in 439 patients and tumor response was assessed in 255 patients. The median age is 53 years. The majority were women (53%), non-smokers (65%), diagnosed with adenocarcinoma (92%), having an ECOG performance status of 0 -2 (83%) and received ≥2 lines of chemotherapy (85%). The median duration of treatment was 25 weeks (treatment ongoing in 77%). The rate of disease control at 12 weeks was 85% (95% CI: 80 -89), the median duration of response was 43 weeks (96% CI 36 -50) and the median PFS was 8.5 months (95% CI: 6.2 -9.9). The side effects most frequently reported were visual disturbances (50%), nausea (46%), vomiting (39%) and diarrhea (35%), the majority of which were grade 1 -2.29 patients (6.6%) had treatment-related side effects, including dyspnea and pneumonia (0.9%), febrile neutropenia and renal cyst (0.5%). Based on this study, Crizotinib demonstrated a benefit in response rate and PFS with good tolerance and improvement of symptoms. These results confirm those of the Phase I trial, and provide strong evidence on the effectiveness of Crizotinib in locally advanced and metastatic ALK-positive NSCLC.
Phase III Trials
Based on the data from Phase I and II trials, Phase III trials have been conducted to assess the benefit of Crizotinib in patients with advanced stage NSCLC with ALK rearrangement.
PROFILE 1007 is a randomized Phase III trial including 347 patients with stage IIIb or IV ALK-positive NSCLC previously treated with platinum-based chemotherapy. In this study, two arms were randomized to receive Crizotinib or standard second line chemotherapy: Pemetrexed or Docetaxel [17] . The primary endpoint was PFS and the secondary endpoint was overall survival (OS). In this study, the Crizotinib has demonstrated its superiority over docetaxel and pemetrexed; the median PFS was 7.7 months in the Crizotinib arm versus 3 months in the chemotherapy arm (P < 0.0001). Crizotinib comparing each drug separately, the median PFS was 7.7 months in the Crizotinib arm versus 4.2 months in the pemetrexed arm (P = 0.0004) versus 2.6 months in the docetaxel arm (P < 0.0001). In addition, the response rate to Crizotinib was high: 65.3% in Crizotinib arm versus 19.3% in the chemotherapy arm (P < 0.0001). Comparing Crizotinib to each drug separately, the response rate to crizotinib was 65.7% versus 29.3% in the pemetrexed arm versus 6.9% in the docetaxel arm. An interim analysis showed no benefit in OS (111 patients underwent a crossover to crizotinib arm), but the results are still immature. The safety profile was acceptable and the quality of life was higher for patients treated with Crizotinib (P < 0.0001). So, the study profile 1007 is the first Phase III randomized trial comparing crizotinib with standard chemotherapy in patients with locally advanced or metastatic ALK positive NSCLC, having demonstrated a benefit of Crizotinib in PFS compared with 2nd line chemotherapy; pemetrexed or docetaxel, and thus Crizotinb have become the standard 2nd line treatment, in patietns with ALK positive NSCLC.
Given these very encouraging results in second line, a randomized Phase III in first-line is being set underway (PROFILE 1014) with the aim to confirm the superiority of Crizotinib compared to standard first line chemotherapy. This is a Phase III study randomizing more than 300 patients with locally advanced or metastatic NSCLC with EML4-ALK translocation to Crizotinib or to a standard first line chemotherapy doublet pemetrexed plus cisplatin or carboplatine [18] .
SAFETY
In preclinical studies, Crizotinib was accumulating in the eye and its annexes (Uvea, lacrimal glands) with a half-life of up to 576 hours [3] . Nearly 60% of patients had visual disorders such double vision, decreased visual acuity, floating vitreous visual field. These disorders are in the vast majority of cases of grade 1 (98% of cases) and do not require special care outside monitoring [5, 17] . Other common side effects (≥30%) are gastrointestinal toxicity with diarrhea, nausea and vomiting (1%, grade 2), the occurrence of peripheral edema and asthenia [17] . The grade 3/4 toxicities were the alteration of liver function in 6% of patients, hypokalemia and dyspnea in less than 4% of cases, acute pneumonia in less than 2% of patients [17] . Abnormal heart rhythm as bradycardia and QT prolongation have also been reported [17, 19] .
RESISTANCE TO CRIZOTINIB
Despite the high response rate, 50% of patients with ALK gene rearrangement receiving Crizotinib progress 10 months after initiation of treatment [20, 21] . Japanese researchers have shown through analysis in Phase I trial, the presence of two mutations acquired C1156Y L1196M and in patients with ALK gene rearrangement in Crizotinib progressing after an initial response. Other investigators have confirmed that mutations C1156Y and L1196M are responsible for resistance to Crizotinib and identified other mutations in the tyrosine kinase domain responsible for the decreased activity of Crizotinib. Several recent studies have shown that mutations of the Kras or EGFR gene or loss of ALK gene rearrangement have acquired resistance to Crizotinib [20] [21] [22] [23] . Extensive research retailers mechanisms of resistance to Crizotinib are needed to improve the therapeutic benefit results.
CONCLUSIONS
The Crizotinib is a major therapeutic advance in the treatment of NSCLC with ALK gene rearrangement, with an unprecedented response rate of 57% in eight weeks. With such results, Crizotinib has been an accelerated procedure in the United States to obtain a marketing authorization.
Phase I/II and recently Phase III randomized trials had demonstrated a significant improvement in PFS in the second line metastatic sitting with crizotinib compared with standard chemotherapy, allowing Crizotinib to become the new standard of care in ALK positive patients in the 2nd line.
These promising results should not obscure the fact that only 5% of NSCLC may benefit from treatment with Crizotinib and the safety profile is not yet clearly established requiring more pharmacovigilance data.
Also the emergence of resistance is another issue of the development of Crizotinib, requiring further research to better understand these mechanisms of resistance and improve patient outcomes benefit.
